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The Wilcoxon Tuo Sample Statistic 
1. Summary. 
This po.per presents tables for the Wilcoxon tlro sample statis-
tic and considers the norme.l. approximation to the Wilcoxon tno 
sample statistic. The primary purposes of this paper are a compil-
o.tion of cmistin~ tc.blcs of the ex~~!t distribution of the. Wilcoxon 
statistic o.nd a comparison of the exact distribution ( in the toils) 
to the normal approximation. 6f secondary importance are some addi-
tional exact percentage points computed for the Wilcoxon statistic. 
The remainder of this pa.per is divided into the toll01dng sections: 
(2) Wilcoxon t~ro sample statistic, (3) Existins tables of the exact 
distribution of the statistic, (4) Description of -tables presented 
here, (5) Normal approximation, (6) Continuity correction, (7) 
Computational method, (8) Tables, o.nd (9) Bibliography. 
2. Wilcoxon tuo sample statistic. 
Given t1-10 independent randoni samples x1, •• ,,Xm and Y1,, • ,, Y0 
from t,10 populations uith unknoi·m cumlative distribution functions, 
F and G, respectively, 8ne can.test the hypothesis H0 : F(t) = G(t) 
8.6e.inst the one-sided al.ternative hypothesis HA: F(t) ~ G(:e") and 
~o~~ 1 
F( t) ~ G( t) for all real. t. Uilcoxon (55) proposed the statistic 
1~1r1 ,-mere r1, ••• ,rm are the X ranks in· the combined sample. 
Equivalent to the Wilcoxon tuo sample statistic is u, the Mann-
l-Jhitney statistic, the number of' pairs (X1, Yj) for ~mich YJ < x1• 
For the one-sided test the rejection region is U :i t ,-mere 
t = t is the greatest integer for tthich P(U ~ tlH0) :i q, the o:,m1 n 
desired level of significance. Under H0 Mann and Whitney (27) 
proved that the distriwtioa ot U is asympt·otically normally 
distributed ,-Jhen m and n approach infinity. ·under H0 the mean 
1. The number in the parathests refers to the listed references 





and the variance of U are mn/2 and mn(m + n + 1)/12, respec-
tively. 
3. Existing tables of the exact distribution of the statistic • 
Cho.rt I shows the extent of existing tables and the extent 
of the tables presented here. 
The present tables ore compared with the previous as 
follows: 
a) Ma.nn-Whitney 1s tables (27) for tt· = • 005, .01., .025, 
aver the ro.nge Mo.x.(m,n) ~ a. 
b) vo.n der Vao.rt' s tables ( 46) for o: = • 005, .01, .025, 
over the ro.nge Max.(m,n) ~ 10, 
.05 
.05 
c) Auble's tables (1} for o: = ,005, .01, .025, .05 over the 
ro.nge Min, { m, n) ~ 12 o.nd Ma.x. ( m, n) ~ 20. 
d) No.trello.'s to.bles2 (29) for o: = .005, .01, .025 over the 
range Min.(m,n) ~ 12 o.nd tl + n ~ 30. 
Lett be the largest integer such that P(U ~ tfH0) ~ a. Then the 
differences with the previous to.bles are as follows: 
for o: = .005 
m = 7, n = 5 
van der Vo.a.rt ( 46) 
given value 
m = 161 n = 13 
No.trello. ( 29) 
given value 
m = 211 n = 5 
No.trello. ( 29) 
given value 
t = 2 
t=l 
t = 46 
t = 45 
t = 14 
t = 13 
2. Since Natrello.'s tables encompass White's (52) for the part 
compared here of the two only No.trello. 1s is checked. 
{• i 3 
• for. a= ~01 
m = a, n = 7 
i Mo.nn--Whi tney ( 27) t = a3 
given value tr-17 
m = a, n = 8 
Mann-Whitney (27) t = 104 
given value t = 9 
m = 18, n = 9 
No.trello. ( 29) t = 35 
given vo.lue t = 36 
for a= .025 
m = 11, n = 2 
No.trella. ( 29) t=l 
0 given value t = 0 
m = 13, n = 13 
•, . 
..) 
No.trello. (29) t = 46 
given value t = 45 
m = 151 n = 15 
No.trello. (29) t = 65 
given value t = 64 
m = 16, n = 11 
No.trello. ( 29) t = 48 
given vo.lue t = 47 
m = 171 n = 14 
Auble (l) t = 67 
given vo.lue t = 69 
-
3. Monn-Whitney gives P(U ~ 8IH0) = ,010 to three places, but '=' to six places is .010256. 
4. Monn-Whitney gives P(U ~ lO)H ) = .010 to three places, but 
to six plo.ces is .010335. O 
i 
m = 20, n = 4 
Auble {i) 
given value 
t1 = 21, n = 9 
No.trello. ( 29) 
given vo.lue 
for a= ,05 
m = 9, n = 3 
Auble (1) 
given vo.lue 
ti= 191 n:::; 7 
Auble (1) 
p:iven vo.lue 
4, Description of tables presented here. 
t = 13 
ta 14 
t = 50 
t = 51 
t=3 
t=4 
t = 215 
t = 37 
4 
Working under the null hypothesis, HO' and considering only the 
lower toil of the distribution, the significo.nt values of the 
Wilcoxon two sample test and the normal approximation to the 
Wilcoxon two eomple probability distribution hnve been computed 
ond compared for the levels of significance of 0.5, 11 2.5, and 
5 per centJo.nd thoee m and· n for which Min,(ri,n) ~ 12 and 
m + n ~ 30. Table I shows the largest integer, t 1 for which 
r = P(U ~ t(H0) ~ a, the desired level of significance, o.nd the 
corresponding normal approximation, ( The t's corresponding 
to the exact values outside the ro.nge of my cot1.putation -
Min, ( m, n) ~ 12 and m + n ~ 30 - a.re taken fr:mi Auble ( l) • ) 
Table II shows 6 - t where a = P(U ~ t + llH ) :,, a. To.ble III 
0 
shows et- r. 





Existing tables of the Wilcoxon two sample st~tistjc t;nd' 
~e)els of·significance ~or the one-sided test. 
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,..o . / 
~- / 
\/ 
-0~7-;,, > van der Vaart ( 46) Max. (m, n) ~ 10 gives a.11 
; J 
30'/ • 0 .0 .~/1 ,. rt_·.=· P(U ~ ti H0) ~ .05 to 2 places. 
I In* I+ ,· ::::-11>01 /.~: Auble (1) Max. (m.,n) ~ 20 gives the largest in-
'., •• 
1
· · +. ~- ~c;:, __ (/; t~_ger t for P(U ~ tf H0) ~ a where a= .001, .005, 
. • 01, • 02, • 025, • 04, • 05, .10. 
i \ 'fn ~ J--1 o,r,J ,,-, / White (52) m + n ~ 30 gives the largest integer 
I\~ .... +.. .=. .. ~.C?!. . .=-(J t f'or P(U ~ tlH0) iS o: where o: = .0005, .005., .025. 
. Natrella ( 29) m + n ~ 30 gives the largest in .. 
teg~r t f'or- P(U ~ ti H0) ~ o: where o: = , 005, • 01, 
.025. 
t 
1"':=-._ .. ooT_,,/_ / Jo.cobson Min. (m, n) ~ 12 and m + n :; 30 givea 
~ =:' ~ '?I~ ' ; the largest integer t for P( U i1i t I H0) l1i a where 




5. Normal o.pproximo.tion. 
The noto.tion o.nd restrictions of section 4 will be used 
here. At the .005 level of significo.nce the normal approximation 
is tort - 1 f'or the minimuo of' sample sizes greo.ter tho.n 3. 
At the .01 level of significance the normal approximation i's· t 
( most often) or t + 1 for the minimum of the two sample sizes 
greater tho.i1 3. At the ,025 level of significance the no:rDla.l 
a.pproximo.tion is t o.nd t + l ( most often ) • He11ce for _the 
sample sizes considered using the normal approximation tninus one 
}0 '2.~ 
will yield a level of significance less thon or equal to '"Si At 
the .05 level of siGnificance the normal approximation is t + l 
or t + 2 ( most often). Hence for the sample sizes conside~ed 
using the normal approximation minus two will yield o. leve1·of 
.o.,-
significance less than or equo.l to~. 
6. Continuity correction. 
Among the possible combinations of continuity correction 0.11d 
roundi11g rule obtained by using a continuity correction, x, which 
c0.11 be represented o.s o. fraction with denominator 2 and using a 
rounding rule of round up, round down, or round according to the 
usual rule there ore t~ro distinct sets with respect to the diff-
erences between the normo.l approximation o.nd the exact vo.lues for 
the Wilcoxon two so.ople test. A continuity correction of' x o.nd 
round down, x +½and round according to the usual nile, or x + l 
o.nd round up give the some result. Substituting x - l or x + l 
for x in the previous statement will yield one more or one less, 
respectively, than the previous result. Changing x by one half' 
plus an integer yields the second set. Table A shows the number 
of' differences between the noma.l approximation and the exact 
value of the Wilcoxon two saople test for continuity corrections 
7 
~ 
, Table A 
The Number o:f' Differences Between the Exact Values of the Wilcoxon 
Test and the NormaJ. Approximation for 1 ~ n ~ m, 20. 
levels of significance 
continuity a(Yj b .025 .01 .005 
-:: m correction c.F. D/T C.-F. D/T C.F. D/T C.F. D/T 
3 0 +l 
~i - - -½ 0 
- - -
4 0 +l 0/2 +l 0/l 
- - - -l +1 o.·2 +l 0/1 2 
5 0 +l 0/4 +l 0/3 +1/0C· 1/2 0 oil 
.! 0 1/4 0 1/3 0 0/2 0 0/1 ~ 
6 0 +l 0:'5 +l 1/4 0 0/3 0 0/3 
½ 0 2/5 0 1/4 0 0/3 +l 0/3 
.., 0 +l o/6 +l 1/5 0 2/5 0 1/4 I ½ +l 1/6 0 2/5 0 0/5 0 1/4 
8 0 +l 0/7 0 3/7 +l/0 3/6 0 0/5 
½ 0 3/7 0 1/'"( 0 1/6 0 2/5 
9 0 +l. Q o/8 +l 1/8 0 2/r-( 0 0/7 ½ +l,'O 4, 8 0 2/8 0 2/7 0 1/7 
10 0 +l 0/9 +l 1/9 +l.'O 4/8 0 o/8 
~- +l 3/9 0 2/9 0 o/8 -1 3/8 
~ ll 0 +l 1/10 +l 1/10 +l 4/9 0 1/9 
½ +1/0 5 10 0 4/10 0 2/9 -1 4/9 
12 0 +l 3111 +l 4/11 0 3/10 0 2/10 
1 +l 3/11 +l 4/11 0 3/10 -1 2/10 2 
13 0 +l 0/12 +l 2/12 0 2/12 0 4/11 
½ +l 3/12 0 2/12 0 3/12 -1 3/11 
14 0 +l 2.:13 +l 2/13 0 6/13 0 1/12 
½ +l 4/13 0 3/13 0 3/13 -1 4/12 
15 0 +l 3/14 +l 2/1~ 0 3/14 0 3/13 
·} 0 6/14 0 3/14 0 5/14 -1 4/13 
16 0 +l 0 .. 15 +l 6/15 0 1/15 0 3.·14 
.1=. +1 6/15 0 3/15 0 7/15 -1 5/14 2 
rr 0 +1 4/16 +l 3/16 0 2/16 0 5/15 
½ 0 7·1"16 0 3/16 0/-1 8/16 -1 1/15 
18 0 +1 2/17 +l 4/1'7 0 4/17 0 6/16 
½ +l 7/17 0 4/17 0 7/17 -1 2/16 
.£ 19 0 +l 1/19 +l 4/18 0 2/18 -1 8/18 l +l 6/19 0 4/18 0 5/18 -1 8/18 2 
20 0 +l 1/20 +l 3/19 0 5/19 -1 9/19 f O 9/20 0 3/19 ·O 8/19 -1 5/19 
a. correction factor., b. dif:f'eirence/total, c. +l or o. 
(ol' Sdd'1"'1Ho"-a\ c::..o\l\."t,~u""\~ 1:;cw· vcac:..~,o"'-. ') 
.. 
8 
of O and½ nnd round according to the usual rule and for 
l ~ n ~ n ~ 20. CheckingTo.ble Ao. continuity correction of l 
nnd round according the usual rule is best for levels of signif-
icance .05 nnd .025 o.nd a continuity correction of O and round 
according to the usual rule is best for levels of significo.nce 
.01 o.nd .oo;. 
7. Computational method. 
The exact probabilities for the Wilcoxon two sample test 
were ,,conputed using the method - a. difference equation in three 
variables o.nd two £mxilo.ry tables - shown by Fix ond Hodges ( ll) • 
Computations were continued as fo.r ns pro.ctico.ble with a desk 
con:putor which is dependent on the extent of the auxilary tables 
given by Fix o.nd Hodges - i.e., Mi.n.(m,n) ~ 12. For o. variety of 
methods that IlO,y be used to compute the exact probabilities see 
van der Vaart ( 48) • In to.ble I the normal approximation ws 
u--km 
co~uted using the property tha\ir.m(m2+ n + l)/l2 approaches 
N(o,1) o.s m and n approach infinity. No continuity correction 
w.s used and rounding wo.s according to the usuo.l rule. 
-,. 
Table I (a= .005) 9 
Exact va.lues for the .005 level of significo.nce end the correspond.. 
ing normal approximation for irax.(m1n) ~ 20 or m + n, 30. 
-:, m-n n 
l 2 3 4 5 6 7 8 
Ea ~ E N E N E N E N E N E -m E N 
• 
0 
- - - - -
0 0 2 2 4 4 7 7 
l • - - - - - i l 3 3 6 6 9 9 
2 
- - - - -
0 0 l 2 4 4 7 7 11 Ji 
3 
- - - - -
0 0 2 2 5 5 9 9 13 13 
4 
- - -
1 1 3 3 6 6 10 10 15 15 
5 
- - - - -
1 1 4 4 7 7 12 12 17 16 
6 
- -
0 0 2 2 5 5 9 8 13 13 18 18 
7 
- - - -
0 0 2 2 6 6 10 10 15 14 20 20 
8 
- - - -





1 0 3 3 7 7 12 12 18 17 24 24 
10 
- -
1 0 4 4 8 8 13 13 19 19 26 26 
11 
- -
1· 1 5 4 9 9 15 14 21 20 28 27 
12 
- -




2 l 6 5 11 10 17 17 24 23 32 31 
14 
-
2 l 6 6 12 11 18 18 25 25 34 33 
15 
- - -
2 1 7 6 13 12 19 19 27 26 
16 
- - - -















































9 10 11 
E N E N E 
0 11 11 16 16 21 
1 13 13 18 18 24 
2 16 J.6 21 21 27 
3 18 18 24 23 30 
4 20 20 26 26 33 
5 22 22 29 29 36 
6 24 24 31 31 39 
7 27 26 34 34 42 
8 29 29 37 36 45 
9 31 31 39 39 48 
10 33 33 42 41 
11 36 35 
12 38 38 
m-n n 
17 18 19 
E N E N E 
0 70 70 81 81 93 
l 75 75 87 86 99 
2 81 Bo 92 92 
3 86 85 
limit value for normal 
Table I (a= .005) 
12 
N E N 
20 27 27 
24 31 31 
27 34 34 
30 37 3'"/ 
33 41 41 
36 44 44 
39 47 47 
42 51 50 
45 54 54 
48 
20 
N E N 

























E N E 
42 42 51 
46 46 55 
50 50 60 
54 54 64 
58 58 68 
63 62 73 
67 66 
3 4 
approximation as m-+ co .. o.244 -0.052 0.212 0.513 
10 
16 
N E N 
50 60 60 
55 65 64 
59 70 69 
64 74 74 
68 79 79 
73 
& -. Table I (a= .01) 11 
Exe.ct values for the .01 level of sianificance and the correspond-
ing normal approximation for Max.(m,n) ~ 20 or m+ n, 30. 
m-n n 
l 2 ~ 4 5 6 7 a 





- - - - -





0 l 2 2 4 5 7 8 11 12 
2 
- - - - - -
1 1 3 3 '6 6 9 10 13 14 
3 
- - - - -
1 2 4 4 7 7 11 11 15 16 
4 .. 
- -
0 0 2 2 5 5 8 9 12 13 17 18 
5 
- - - -
0 1 3 3 6 6 9 10 14 14 20 20 
6 
- - - -
l l 3 4 7 7 11 11 16 16 22 22 
7 
- - -
l 1 4 4 8 8 12 12 17 18 24 24 
8 
- - - -
1 2 5 5 9 9 13 14 19 19 26 26 
9 
- - -
2 2 5 5 10 10 15 15 21 21 28 28 
10 
- - - -
2 2 6 6 11 11 16 16 23 23 30 30 
11 
- -




-:. -1 3 3 7 7 13 13 19 19 26 26 34 34 
13 
-
0 -1 3 3 8 8 14 14 20 20 28 28 36 36 
14 
-
0 -1 4 4 9 9 15 15 22 22 30 30 38 38 
15 
- -
0 -1 . 4 4 9 9 16 16 23 23 31 31 
16 
- -
0 0 4 4 10 10 17 17 24 24 33 33 
17 
- -
1 0 5 5 11 11 18 18 26 26 
18 
- -
1 0 5 5 11 11 19 19 27 27 
19 
- -
1 0 6 5 12 12 20 20 
20 
- -
1 0 6 6 13 13 21 21 
21 
- -
1 0 6 6 13 13 
22 
- -




1 0 7 7 
; -'I 24 
- -


































Table I (a= .01) 
n 
10 11 12 13 
N E N E N E N E 
14 19 19 25 25 31 32 39 
17 22 22 28 28 35 35 43 
19 24 25 31 31 38 39 47 
21 27 27 34 35 42 42 51 
24 30 30 37 38 46 46 55 
26 33 33 41 41 49 49 59 
28 36 36 44 44 53 53 63 
31 38 39 47 47 56 57 67 
33 41 41 50 50 60 60 
36 44 44 53 54 




18 19 20 
N E N E N E N 
77 88 88101101114 114 






limit value for normal 
14 15 
N E N E 
39 47 47 56 
43 51 52 61 
47 56 56 66 
51 60 60 70 
55 65 65 75 
59 69 69 Bo 
63 73 74 
67 
3 4 
approximation as m-+m -0.171 0.050 0,337 0,657 
12 
16 
N E N 
56 66 66 
61 71 71 
66 76 77 
71 82 82 




Table I (a= .025) 13 
Exact val.ues tor the .025 level of significance and the correspond• 
ing normal approximation for Ma.x.(m,n) ~ 20 or m + n ~ 30. 
m-n n 
1 2 3 4 5 6 7 8 


































































0 1 2 
1 2 3 
2 3 5 
3 4 6 
3 5 6 8 9 13 13 
4 6 7 10 11 15 16 
5 8 9 12 13· 17 18 
7 10 10 14 15 19 20 
4 4 7 8 11 12 16 17 22 23 
4 5 8 9 ~ ~ ~ ~ 24 ~ 
5 6 9 10 14 15 20 21 26 'Z7 
6 7 11 11 16 17 22 23 29 30 
7 8 12 13 17 18 24 24 31 32 
8 9 13 14 19 20 26 27 34 34 









5 10 10 15 16 22 23 30 31 38 39 
6 11 11 17 17 24 25 32 33 41 41 
6 11 12 18 19 25 26 34 35 43 44 
7 12 13 19 20 27 28 36 37 45 46 
2 2 7 7 13 14 20 21 29 29 38 39 





8 9 15 16 23 24 32 33 
8 9 16 16 24 25 33 34 
9 10 17 17 25 26 
9 10 17 18 27 27 
21 • • 3 3 10 ll 18 19 
22 • • 3 4 10 11 19 20 
23 • • 3 4 11 12 
24 • • 4 4 11 12 
25 • • 4 4 




Table I (o: = .025) 
m-n 9 10 n 11 12 
E N E N E N E N 
0 17 18 23 24 30 31 37 38 
1 20 21 26 27 33 34 41 42 
2 23 24 29 30 37 38 45 46 
3 26 26 33 33 40 41 49 50 
4 28 29 36 37 44 45 53 54 
5 31 32 39 40 47 48 57 58 
6 34 35 42 43 51 52 61 62 
7 37 37 45 46 55 55 65 66 
8 39 40 48 49 58 59 69 70 
9 42 43 52 52 62 63 
10 45 46 55 55 
11 48 48 
12 51 51 
m-n n 
17 18 19 20 
E N E N E N E N 
o 87 88 99100113 113 127 128 
1 93 94 lo6 106 119 120 
2 99100112113 
3 105 1o6 
l 














N E N E 
46 55 55 64 
51 59 60 70 
55 64 65 75 
59 69 70 Bo 
64 74 74 85 
68 78 79 90 
72 83 84 
77 
3 4 
approximation as m .. ~ .o.o66 0.200 0.520 o.e68 
14 
16 
N E N 
65 75 76 
70 81 82 
76 86 87 
81 92 93 
86 98 98 
91 
~- V Table I (a= .05) 15 
Exact values for the .05 level of significance and the correspond-
. 
ing no:-moJ. approximation for Uaxo(m,n) ~ 20 or m + n :li 30 • 
m-n n 
l 2 3 4 5 6 7 8 




0 1 1 2 4 5 7 8 11 12 15 16 
1 - - - - 0 1 2 3 5 6 8 9 13 14 18 19 
2 - - - 1 2 3 4 6 7 10 11 15 16 20 21 
3 - - 0 1 2 3 4 5 8 9 12 13 17 18 23 24 
4 -
-
0 1 2 3 5 6 9 10 14 15 19 20 26 27 
5 - - 0 l 3 4 6 7 11 12 16 17 21 23 28 29 
6 -
-
1 2 4 5 7 8 12 13 17 18 24 25 31 32 
7 - - 1 2 4 5 8 9 13 14 19 20 2t> 27 33 35 
8 - - 1 2 5 6 9 10 15 16 21 22 28 29 36 37 
9 - - l 3 5 7 10 11 16 17 23 24 30 31 39 40 
10 • 
-
2 3 6 7 11 13 18 19 25 26 33 34 41 42 
11 -
-
2 3 7 8 12 14 19 20 26 28 35 36 44 45 
12 • 
-
2 4 7 9 14 15 20 22 28 29 37 38 47 48 
13 
- • 3 4 8 9 15 16 22 23 30 31 39 40 49 50 
14 • 
-
3 4 9 10 16 17 23 24 32 33 41 42 52 53 
15 -
-
3 5 9 11 17 18 25 26 34 35 44 45 
16 - 4 5 10 11 18 19 26 27 36 37 46 47 
17 .. 
-
4 5 11 12 19 20 28 29 37 38 
18 O 0 4 6 11 13 20 21 29 30 39 40 
19 0 0 5 6 12 13 21 22 30 32 
20 0 0 5 6 13 14 22 23 32 33 
21 0 0 5 7 13 15 23 24 
22 0 0 6 7 14 15 24 25 
23 0 0 6 7 15 16 
24 0 0 6 8 15 17 
25 0 0 7 8 






Table I (a= .05) 
m-n n 
9 10 11 12 13 14 
E N E N E N E N E N E 
0 21 22 27 28 34 35 42 44 51 52 61 
l 24 25 31 32 38 39 47 48 56 57 66 
2 27 28 34 35 42 43 51 52 61 62 71 
3 30 31 37 38 46 47 55 56 65 66 77 
4 33 34 41 42 50 51 60 61 
5 36 37 44 45 54 55 64 65 
6 39 40 48 49 57 59 68 69 
7 42 43 51 52 61 62 72 73 
8 45 46 55 56 65 66 77 78 
9 48 49 58 59 69 70 
10 51 52 62 63 
11 54 55 
12 57 58 
m-n n 
17 18 19 20 
E N E N E N E N 
O 96 97109110123 124138139 
1102103 116 117130131 
2109 llO 123 124 









E N E N 
27 0 0 
28 0 0 
limit volue for normal 










N E N E N 
62 72 73 83 84 
67 77 78 89 90 
72 83 84 95 96 
78 88 90101102 







'( ~able II (a = .005) 17 
6 - .~ trhere t + l is the smallest integer such that 







































.003968 .003247 .002040 .001709 
- .004329 .002914 .002331 .001604 
• 004 762 .002525 • 002331 • 001836 • 001554 
.003030 .002331 .002198 .001954 .001482 
.004040 .002498 .001748 .001540 .001421 
• 002797 • 002331 • 001616 • 001608 • 001356 
.004545 .002997 .002289 .001885 .001342 .001063 
.003497 .002198 .0021.01 .001622 .001393 .001032 
.002747 .002747 .002101 .001496 .001167 .000998 
.004396 .902101 0001548 .001308 .001207 .000966 
• 003571 • 001961 • 001483 • 0012re • 001040 • 000935 
.002941 .002322 .001474 ,001347 .001071 .000905 
.003676 .001858 ,001405 .001211 .000929 .000877 
.003096 .001838 .001397 .001124 .000955 .000850 
.002632 .001504 .001341 .001021 .ooo842 .000824 
.002256 .001694 .001318 .000953 .ooo864 
• 002597 • 001694 • 001277 • 001038 • 000909 
17 • .004 762 • 002279 • 001423 • 001041 • 000956 
18 .004329 .001976 .001538 .001028 .000896 
19 • .003953 .002174 .001311 .001002 
20 • .003623 .001923 .001319 .000989 











• Table II (a= .005) 
m-n n 
9 10 11 12 
0 .001419 .001283 .001026 .000876 
1 .001256 .001072 .000974 .000919 
2 .001387 .001098 .000929 .000826 
3 .001235 .001104 .000882 .000749 
4 .001112 .000942 .ooo841 .000776 
5 .001003 .000951 ,000801 .000707 
6 .000914 .ooo823 ,000764 .ooc643 
7 .000982 .000827 .000730 .ooo665 
a .000897 ,000830 .ooo652 .,000012 
9 .000825 .000731 .000669 






( Table II (a = .01) 19 
& - .Ql ,,here t + 1 is the snw.llest integer such that 
















1 2 3 4 5 6 7 8 
-
.007937 .005411 .004371 .002953 
.007937 ,006494 .004079 .003263 .002715 
• 009524 • 006313 • 004662 • 003234 • 002491 
.oo6c61 .005439 .003996 .003239 .002302 
.008333 .oo6c61 .004995 ...• 003247 .002514 .002135 
.oc6o61 .0<15993 .004329 .002828 .002520 .002359 
.009091 .004995 .004121 .003124 .002503 .002183 
.oo6993 .004396 .003717 .002617 .002073 .002031 
.005595 .004945 .003501 .002322 .002054 .001897 
.oo6593 .003782 .003182 .002488 .002052 .001778 
.005357 .003595 .003031 .002171 .002031 .001671 
.009524 .004412 .003870 .002801 .002308 .001727 .001577 
.008333 ,004902 .003096 .002658 .002080 .001719 .001491 
.007353 .004.128 .003008 .002496 .001858 .0017o6 .001413 

















.005848 .003759 .002597 .002240 .001784 .001480 
.005263 .003247 .002541 .002144 .001614 .001471 
.009524 .003953 .002688 .002031 .001593 . 
.008658 .003458 .002274 .901954 .001556 
.007905 .003478 .002222 .001861 
.007246 .003077 .• 002295 .• 001789 
.oo6667 .002735 .001979 












0 .002838 .002344 .002038 .001609 
1 .002403 ,002245 .001853 .001610 
2 .002072 .001840 .001699 .001413 
3 .002164 .001794 .001561 .001411 
4 .001890 .001735 .001444 .001404 
5 .001942 .001684 .001.512 .001253 
6 .001717 .001628 .001401 .001246 
7 .001761 .001396 .001304 .001122 
8 • 001572 • 001362 • 001218 • OOlll 7 
9 • 001605 • 001325 • 001141 




i ... t( Table II {o: = 0025) 21 6 - .~ ,mere t + 1 is the smallest integer such that 
6 = P(U S t + if H0) > 0025 for m + n ~ 30 and Mino(m.,n) ' 12. 
m-n n 





















.014286 .011905 .Oll905 .0081,9 .007537 
• 015873 • 010823 • 008159 • oc6993 • ~17 
.017857 .014286 .ol.2626 .008325 .oc6556 .005533 
.023810 .015152 .010101 .008392 .oc6119 .004869 
.016667 • 012121 .oo8991 , oc6993 • 005719 • 005017 
.018182 .008392 .007659 .000949 .005358 .004467 
.022222 .013636 .008991 .006868 .005710 .005057 ,0040~ 
.018182 .013986 .008059 .007595 .005750 0004764 .004138 
.015152 .010989 .0o8242 ,006653 .004954 .004515 .003745 
.012821 .010989 ,007563 .oo6020 .004976 .003467 .003825 
.021978 0008921 .007516 .0()5418 .004986 .004074 .003490 
11 - .019048 .010294 .oaS966 .004963 .004309 .003882 .003203 
12 • .016667 .008578 .007018 .005316 .004331 .003709 .003273 






















.013072 .007018 .005332 .004494 .003861 .003402 .002800 
.ou696 .007519 .005308 .004141 .003871 .003266 
~010526 .006494 .005082 .004393 .003451 .003140 
.009524 .O~TI6 .005059 .004100 .003465 
.008658 .005928 .004816 .003816 .003136 
.011858 .oc6o87 .004786 .003579 
.010870 .005385 ,004103 .003761 
• 010000 • 0054 70 • 003958 
.009231 .004884 .003941 
,008547 .005200 





Table II (a= .025) 
m-n n 
9 10 ll 12 
O .005162 • 004584 • 004180 • 003481 
1 .005001 .004190 .003670 .003306 
2 .004870 .003877 .003651 .003145 
3 .004705 .o04c64 .003244 .002996 
4 .003989 .003754 .003227 .002859 
5 .003893 .003493 .002902 .002732 
6 .003790 .003257 .002887 .002616 
7 .003691 .003053 .002864 .002508 
a .003228 .002867 .oo26o6 .002408 
9 .003161 .002961 .002588 





6 Table II (a= .05) 23 
& - .~ ,mere t + 1 is the smallest integer such that 
6 = P(U' t + 11 H0) > .05 form+ n ~ 30 and Min.(m.,n) :i 12. 
m-n n 
1 2 3 4 5 6 7 8 
0 
- -
.050000 .028571 .027778 .019481 .015443 .010956 
1 .028571 .023810 .021645 .015486 .013364 .01o613 
2 
-
.035714 .023810 .016414 .013320 .011713 .008981 
3 .047619 .035714 .018182 .017094 .012787 .010490 .008904 
4 .035714 .025000 .018182 .014486 .012238 .009427 .008693 
5 
-
.027778 .024242 .015385 .014985 .011635 .008573 .007573 
6 .044444 .022727 .014985 .012592 .009696 .oo8914 .007480 
7 .036364 .017483 .013158 .010989 .009325 .oo8153 .oc6612 
8 .. .030303 .019231 .012637 .011321 .009004 .0075n .oo6518 
9 
-
.025641 .015385 .011345 .009890 ,oo8698 .oo:i955 .oo6434 
10 .021978 .014286 .olllll .010126 .oo8391 .007183 .005788 
11 .019048 ,Ol47c6 .01oc62 .009091 .007930 .oa5686 .005712 
12 
-
.025000 .012255 .Olll46 .008126 .007014 .oc6242 .005641 
13 .022059 .012384 .01c693 .008291 .oc6832 .005855 .005138 
14 
-
.019608 .012281 .009843 .007552 .006654 .005507 .005077 
15 .017544 .010526 .009486 .007698 .oc648o .005644 
16 .015789 .010390 .008846 .007023 .oc6312 .005327 
17 
-
.014286 .010728 .ooa,38 .007135 .005652 
18 .050000 .012987 .009387 .oo8027 .006583 .005531 
19 .047619 .015810 .009130 .OOT(49 .006071 . 
20 .045455 .014493 .009230 .007326 .oo6175 
21 .043478 .013333 .oo8205 .007115 
22 .041667 .012308 .008242 .oo6751 
23 .040000 .ou396 .008210 
24 .038462 .010582 .007389 
25 .037037 .012315 
26 .035714 .011494 
To.ble II (a= .05) 
m-n n 
9 10 11 12 
o .009790 .007956 .oo6735 .005898 
1 .009017 .007924 .oc6433 .005953 
2 .oo8383 .007056 .oo6153 .005494 
3 .007801 .006359 .005891 .005095 · 
4 .007312 .oo6351 .005648 .005119 
5 .oc6864 .005768 .005420 .004773 
6 .Oc6475 .005752 .004825 .004467 
7 .octiu9 .005277 .004660 .004195 
8 .005804 .005259 .004505 .004212 
9 .005523 .004855 .004358 









.~o.s' Table III (o: = .005) 25 
a - r where t is the largest integer such that T = P(U ti tlH0) ~ ·.005 and a = P(U ~ t + 1I H0) for m + n ~ 30 and Min.(m,n) :S 1~. m-n n 



























• 001032 • ooo671 • 001503 • 001503 
.ooo671 .000921 .000338 .001051 
.000238 .002475 .001004 .001006 .000726 
.001970 .001892 .001204 .000167 .000449 
.000960 .001503 .001254 .000852 .000221 
.002203 .001004 .001445 .oooua .000032 
.000455 .001004 .ooo66o .000152 .000769 .000938 
e 001503 • 002070 II 000314 • 000393 • 000158 e 000772 
.002253 .001154 .000098 .ooc64o .000737 .ooo626 
.ooo604 .002059 .001388 .000817 .000211 .000497 
.001429 .001078 .001130 .001006 .000741 .000384 
.002059 .000356 .000921 .oooo67 .000278 .000282 
.000098 .001285 .000709 .000290 .000756 .000191 
.000872 .000489 .000542 .000500 .000342 .ooono 
.001491 .001309 .000365 .000674 .000781 .000036 
.001992 .000709 .000219 .000841 .000407 
.000455 .000012 .000074 .000105 .000041 
.000238 .001047 .oooa10 .• 000987 .000295 
.ooc671 .001542 .000251 .000849 .000471 
19 .001047 .000217 .000954 .000714 
20 • .001377 .000769 .000409 .000593 
21 .001667 .001239 .001042 
22 • 001923 • 000116 • 000584 
23 - .002151 .ooo621 







Table III (a= .005) 
m-n n 
9 10 11 12 
o .ooll13 .000535 .000825 .ooo853 
1 .001190 .001025 .000687 .000222 
2 .000154 .000522 .000576 .000443 
3 .000356 .000056 .000489 .ooo645 
4 .000545 .000574 .000423 .000146 
5 • 000718 • 000192 • 000372 • 000371 
6 •. 000872 .000657 .000334 .000573 
7 .000179 .000330 .000306 .000163 
8 .000376 .000022 .000285 .000375 
9 .000547 .000463 .000271 





, 0 , Table III {ce = .01) 27 
'&. - r ,,here t is the largest inteaer such that r :; P(U0 ~ t I H0) -~ • 01 and 6 = P(U ~ t + llH0) form+ n ~ 30 a.nd Min.{m,n) ~ 12. m-n n 














.002c63 .002424 .001259 .002618 
.002c63 .001342 .003007 .003007 .002590 
.000471 .001162 .000010 .001783 .002230 
.003939 .ooo676 .001209 .000744 .002128 
.001667 .001919 .000509 .002008 .002301 .003070 
.003939 .000210 .000343 .002728 .001466 .000054 
.000909 .003007 .000385 .000896 .ooo699 .000174 
.003007 .0012o8 .000304 .001633 .002071 .000294 
• 004405 • 000110 • 000313 • 002312 • 001422 • 000412 
.001209 .002437 .000282 .ooo823 .ooo818 .000525 
.002857 .oou76 .000325 .001503 .000257 .ooo634 
.000076 .004118 .000196 .000319 .000143 .001460 .000738 


















.002647 .002776 .001245 .000371 .001462 .000494 .000931 
.003464 .000351 .000294 .000401 .000305 .000050 .001021 
.004152 .001729 .001982 .000420 .000926 .oollll 
,004737 .002857 .001154 .000453 .001458 .000705 
.000476 .000966 .000435 .000474 .000453 
.001342 .002095 .0019o6 .000507 .000997 
.002095 .000000 .001168 .000527 
.002754 .001154 .000525 .000555 
.003333 .002137 .001832 








Table III ( a = .0l) 
m-n n 
9 10 11 12 
o .ooo621 .000728 .000385 .001364 
1 .001394 .000168 .ooc603 .ooc6o8 
2 .002052 .001550 .000821 .001333 
I 
3 .ooo807 .oolll2 .001032 .000705 
4 .001506 .000727 .001235 .000126 
5 .000434 .000394 ,000087 .ooo844 
6 .001130 .000100 .000359 .000344 
7 .000196 .001238 .ooo612 .000998 
8 .000869 .000972 .000845 .000557 
9 .000024 .000731 .001061 




,02-J:, Table III (a= .025) 29 
11 - r 11here t is the largest integer such that r :; P(U ai tlH0) ~- .025 






















4 5 6 7 8 
.010714 .009127 .004437 .000061 .000058 
.009127 ,009848 .007517 .004953 .001aoo 
.007143 .005952 .001010 .003688 .004108 .003290 
.001190 .003788 .002467 .000225 .003455 .004559 
.008333 .000758 .004021 .004021 .002941 .001328 
.000758 .008217 .005020 .ooll64 .002534 .002724 
.002778 .oo6818 .007018 .005998 .004261 .002219 .003925 
.oa,818 .000524 ,005220 .000760 .001891 .001952 .001348 
.009&8 .005769 .004121 .002007 .-004618 .001739 .002589 
• 012179 • 000824 • 002731 • 003152 • 002573 • 001562 • 000263 
10 • .003022 .005357 .001797 .004102 .000>36 .001415 .0015o6 












.008333 .005392 .oooo26 .001153 .001404 .oon89 .ooc626 
.010294 .001264 .004783 .002146 .003611 .001101 .001715 
.ou928 .004825 .003811 •. 003049 .002071 .001027 .002689 
.0016o8 .001692 .003091 .003826 .000592 .ooo964 
.003947 .004870 .002320 .oore76 .002621 .000910 
.005952 .001849 .001680 .001576 .001273 
.007684 .004743 .000987 .002371 .0031o6 
.001285 .001957 .000442 .003098 
.003261 ,004615 .003950 .000398 
21 .005000 .002094 .003317 
22 .oc6539 .004548 .oo,zr78 
23 - • 007906 • 002285 
24 • .001190 .004557 
-
.004310 
)' -. Table III ( o: = • 025) 
m-n n 
9 10 11 12 
0 .0(1J0o8 .003371 .001346 .002549 
1 .003263 .003518 .003070 ~002144 
2 ,001774 .003715 .001276 .001823 
3 .000464 .000335 .002886 .001567 
4 .003312 .000798 .001369 .001362 
5 .002208 .001238 .002864 .oou98 
6 • 001208 • 001646 • 001542 .001067 
7 .000308 .002031 .000304 .000963 
a .002717 • 002390 • 001749 • oooaao 
9 .001868 .000022 .ooo641 




-. -~ Table III (o: = .05) 31 
"ft. - r ,mere t is the largest integer such that r = P(U ~ tlH0) ~ .05 
and & = P(U ~ t + llH0) form+ n ~ 30 and Min.(m,n) ~ 12. 
m-n n 




























.000000 .021429 .002381 .003463 .001340 .oo85o8 
.021429 .018254 .008874 .013288 .003c69 .003640 
.014286 .016667 .013384 .009374 .004633 .oo8430 
.0023@1 .002381 .013636 .00338o .006044 .006088 .004579 
.014286 .oJ.6667 .013636 .uo8541 .003297 .007328 .001c60 
.022222 .007576 .012238 .000383 .000873 .008442 .005477 
• 005556 • 018182 • 012038 • 004899 • oo8468 • 001600 • 002491 
.013636 .011538 .ow.12 .009114 .oc6287 .003U3 .006337 
.019697 .oo6044 .010989 .002731 .004334 .004458 .003699 
.024359 .014835 .010504 .oc6484 .000870 .oa.;;653 .001254 
.oc6044 .oo8929 .010458 .000851 .000987 .000255 .004752 
• 011905 • 004412 • 010010 • 004494 • 005313 • 001650 • 002543 
.000000 .012010 .000258 .007545 .005236 .002901 .000469 
.005882 .007688 .000710 .002837 .003840 .004034 .003649 
.010784 .003509 .000923 .005816 .002547 .005o62 .001744 
.014912 .010150 .001327 .001515 .001346 .000805 
.002632 .oo6494 .001534 .004348 .000226 .001944 
.007143 .003134 .001858 .000390 .004836 
18 .000000 .011039 .008992 .002040 .003114 .003737 
19 .002381 .002569 .005652 .0023o8 .005522 
20 .004545 .oo6522 .002692 .002479 .002037 
21 .oc:6522 .010000 .007949 .002718 
22 .008333 .000769 .005128 .002855 
23 .010000 .004416 .002381 
24 .011538 .007672 .007143 
25 .012963 .000739 
26 .014286 ,004023 
'a Table III (a= .05) 
m-n n 
9 10 11 12 
O .0030,,4 .005395 .006027 .005633 
1 .002640 .ooo691 .029159 .001179 
2 .002411 .003455 ,003346 .002494 
3 .002274 .005853 .002287 .003695 
4 .002221 .002179 .001369 .000049 
5 .002213 .004514 .000567 .001365 
6 .002246 .001293 .004689 .002567 
7 .002301 .003539 .003901 .003668 
8 .002377 .ooo668 .003193 .000728 
9 .002396 .002804 .002552 











(1) Auble, ponovan. "Extended tables for the Mann-l-lhitney statis• 
tic," Bulletin of the Institute of Educational. Research, 
Indiana. Unlvers1ty;-vo1. 1., No. 2(1953), 39 PP• 
( 2) Barton, n._ E,, and David, F. N. "A test for bd.rth order ef-
fect," Annals ~ Ruman Genetics, 22 (1958), 250-257. 
(3) Barton, D. E,, David, F. N.1 and Mallows. "Non-randomness in 
a sequence of two alternatives. I. Wilcoxon's and allied test 
statisti~s," Biom~trika, 45 (1958), 166-177, 
(4) Birnbaum, z. w. "On· a use of the Mann-Whitney statistic," 
Proceedings of the Third Berkeley Symposium on Mathematical. 
Statistics ~ Probability, Vol. I: Theory oTStatistics, 
ea.I tor J. Neyman, Berkeley and Los Angeles: 7Jnlversi ty of 
Cal.ifornia Press, (1956), 13-17. 
(5) Birnbaum, z. w., and IO.ase., o. M. '1Bounds for the variance 
of the Mann-Whitney statistic," Annals of Mathematical 
Statistics, 28 (1957), 933.945. -
(6) van Dantzig1 n., "On the consistency and the powr of Wilcoxon's 
two sample test," Proceedings Koninklijke Nederland.Se Akadem:Le 
van Wetenschappen (Ah 54 (i95i), i-8. ( aiso lndaga.tiones 
Matliemat!cae, l3 (1951) 1 3-10. 
( 7) David, F. · N, "A note on Wilcoxon' s and allied tests, " B1ometrika1 
43 (1956), 485 -488. · 
(8) Dwa.ss, M, "The large sample pmrer of rank order tests in the 
t1ro-sample problem," Annals of Mathemo.tical Statistics, 27 
(1956), 352-373• -
(9) van Eeden, Constance# and H:i.m:tlr1c1ke1 J. ''A test for the equal-
ity of probabilities age.inst a class of.specified alternative 
hypothesis, includins trend. I and II," Proceedings Kon:lnkl1.1ke 
Nederle.ndse Akademie van t-Tetenschappen (A), 58 (1955), 191-198, 
301-368. -
(10) Festinger, Leon. "The significance of difference bet1-reen means 
1-r.L thout reference to the· frequency distribution functions, " 
Psychometrika, 11 (1946), 97.105. 
(ll) Fix1 Eveyln., and Hodges, J. L.1 Jr. "Significance probabilities 
of the·Wilcoxon test," Annals of Mathematical. statistics, 26 (1955), 301-312. -
(12) Haldane, J. B. S, "The Wilcoxon and related tests of signifi-
cance," Experientia, 12 (1956), 205. 
(13) ----------.. ·---- and Smith, c. A. B. "A simple exact test for 
birth-order effect," Annals Q! ~enics, 14 (1948), 117-124. 
* The bibliography attempts to be complete. 
(14) 34 Hemelrijk1 J, "A family of :parameterfree tests for symmetry 
with respect to a given point," Proceedings Koninklijke 
Nederlandse Aka,d.emie ~ Wetensciiappen (A), 53 (1950), 945-955 
, 1186-1198. 
(15) -----------.!.• "Note on Wilcoxon's two sample test when tiee 
a.re :pres~nt, " AnnaJ.s of Ma.thematicaJ. statistics, 23 (1952) 1 133.135. 
(16) ------------. "Exemple d 1application des methodes non-para-
metriques et un nouveau test pour l~egalite de :plusieurs 
probabilities," Report sp 38 of Mathematical Centre, 
Amsterdam, (1954). 
I I I I 
(17) Hodges, J. L., Jr., and Lehmann, E. L. ''The efficiency of some 
nonparametric competitors of the t-test," Annal.a of Mathematical 
statistics, 27 (1956), 324-335• -
(18) Hoeffding, F.· "A class of statistics with asymptoticaJJ.y normal 
distributions," Ar..na.1.s of Ma.thematicaJ. statistiea, 19 (1948} 1 
293-325, -
(19) ------------· "The large-sample po-wer of tests based on :permu-
tations of observations," .Annals of Mathematical Statistics, 
23 (1952), 169-192. -
(20) Kemperman, J. H. ~ verdelingsfuncties !!:!! ~ aantaJ. inversies 
,!!: de ~ ~ ~ ~ Whitney, Rapport T. T. no. 7·van de 
.Afdeling Toegeposte Wiskunde, Ma.thema.tische Oentrum, .Amsterdam, 
(1950). 
(21) Kruskal1 ·W. H. "A nonparametric test for the·severaJ.-sample 
problems," Annals of Mathematical Statistics, 23 (1952), 525-
540. - . . 
(22) -----------.:.-. "Historical notes on the Wilcoxon unpaired two-
sam:ple test," Journal of the American Statistical .Association, 
52 (1957), 356-360. - -
(23) -----... -------, and Wallis, w. A. "Use of' ranks in one-criterion 
variance analysis," Journal of the .American Statistical 
Association, 47 (1952),583-621 and 48 (1953), 907-911. 
(24) Lehmann, E. L. "Consistency and unbiasedness of certain non-
parametric tests," Annals of Mathematical Statistics, 22 (1951), 
165-179. -
(25) ----------.:.--. "The power of rank tests," Annals of Mathematical 
statistics, 24 (1953), 23-43. -
(26) -------------, and Stein, c. "On the theory of' some non-parer 
metric hypothe&·iS," Anna.ls of' Mathematical Statistics, 20 (1949), 
28-45. - · 
(27) Mann, H. :a., and Whitney, D.R. "On a test of whether one of 
two random variables is stochostically larger than the other," 
Annals of Mathematical statistics, 18 (1947), 50-60. 
- . 
{28) Mood, A. M. "On the asymptotic efficiency of certain non-
parametric·two-sample tests," Annals of Mathemo.tical 
Statistics, 25 (1954), 514-522. -
35 
(29) Natrella. "Critical values for Wilcoxon rank sum test," (1954), 
unpublished. 
(30) Pitman, E, J. G. Lecture notes~ nonparametric statistical 
inference, New York: Columbia University, (1949). 
(31) Probability tables for the Wilcoxon test when there are ties, 
National Bureau of 'standards Report No. 1859, Washington, D, C. 
(32) Putter, J. "The treatment of ties in some nonparametric tests," 
Anna.ls _2f Mathematical Statistics, 26 (1955), 368-386, 
(33) van der Reyden, D, "A simple statistical test," Rhodesia 
Agricultural Journal, 49 (1952), 96-104. 
(34) Rijkoort, P. J, "A Generalization of Wilcoxon's test," Proceed-
ings Koninklijke Nederlandse .Akademie van Wetenschappen {A), 
55\1952), 394-404 and 56 (1953), 407.-
(35) -----------, and Wise, M, E, "Simple approximation and nomograms 
for two ranking tests," Proceedings Koninklijke Nederlandse 
Akad.emie ~ Wctenschappen (A), 56 (1953), 295-302, 
(36) Ruist, E. "Comparison of tests for non-parametric hypothesis," 
Arkiv ~ Mathematik, Band 3 nr 9 (1954), 133-163. 
(37) Smith, L, J, "On the distribution of the test statistic of 
Kendall and Wilcoxon's two sample test when ties are present," 
Neerlandia Statistica, 10 (1956), 205-214. 
{38) Stoker, D. J, ".An upper bound for the deviation between the 
distribution of Wilcoxon's test statistic for the two-sample 
problem and its limiting normal distribution for finite samples. 
I 1 " Proceedings Koninklijke Nederla.ndse Akad.emie van Wetenschap-~ (A), 57 (1954), 599-6c6, -
(39) -------------. ".An upper bound for the deviation between the 
distribution of Wilcoxon's test statistic for the two-sample 
problem and its limiting normal distribution for finite sample. 
II," Proceedings Koninklijke Nederlandse .Akad.emie van Weten-
schappen (A), 57 (1954) 1 607-614. -
( 40) SUnd.rum, R. M. ''The power of Wilcoxon I s two-sample test;" . 
Journal of the Royal Statistical Society (B), 15 (1953), 
246-252.- -
(41) ------------. "A further approximation to the distribution of 
Wilcoxon's statistic in the genero.l. case," (1953), unpublished. 
(42) Terpstra., T. J. "A non-parametric test for the problem of k 
samples," Proceedings Koninklijke Nederlo.ndse Akademie van 
Wetenschappen (A), 57 (1954), 504-512. -
i 
36 (43) ------------.Anon-parametric k-sample test and its connection 
with the H-test, Report S92 (VP;), Matheiiia:EischCentrum, 
AinsterdaI?l; (1952), llpp. 
(44) vo.n der Va.art, H. R. "Some remarks on the power function of 
Wilcoxon's test for the problem of two samples. I," Proceed-
ings Koninklijke Nederlandse Akad.emie van Wetenscho.ppen (Al, 
531"1950), 494-5c6. {also Indagationes'Mathematicae, 12 (1950), 
146-158.) 
(45) ------------. "Some reoarks on the power function of Wilcoxon's 
test for the problem of two samples. II," Proceedings 
Koninklijke Nederlandse Akademe van ~tenscho.ppen (A), 53 
(1950) 1 507-520. (also Indagationes Mathematicae, 12 (1950), 
159-172,) 
(46) ------------· Gebruiksaawijzing voor de tests van Wilcoxon, 
Rapport S32 (M4) van de statistiiche Afdeling van het 
Mo.thematische Centiim, .Amsterdam, (1950). 
(47) ------------. "An investigation on the power function of 
Wilcoxon's two sample test if the underlying distributions are 
not normal," Proceedings Koninklijke Nederlandse Akademie van 
Wetenschappen (A), 56 (1953), 438-448. (o.lso Indagationes-
Mo.thenaticae, 15 (1953). 
(48) -----------·· "A closed expression for certain probabilities 
in Wilcoxon's two sample test," Experientio., 12 (1956), 14-15. 
(49) ------------. "Some formulae for the exact computation of 
certain probabilities in Wilcoxon' s two sample test, " ( 1958), 
unpublished. 
(50) vo.n der Waerden, B. L. "Order tests for the two-sample problem 
and their power," Proceedings Koninklijke iederlo.ndse Akad.emie 
~ Wetenschappen (A), 55 (1952), 453-458 and 56 (1953), Bo. 
(51) ... ------------. "Order tests for the two sample problem," ( sec-
ond and third cormnmication ), Proceedings Koninklijke Neder-
lo.ndse Akade'Clie van Wetenschappen (A), 56 (1953), 303-310 
and 311-316. -
(52) White, C. "The use of ranki; in a. test of significance for 
comparing two trea.tments," Biometrics, i (1952), 33-41. 
(53) Whitney, D.R. A conparison of the power of non-parametric tests 
and tests based-on the norma.1-distributionunder non-normal 
alternatives. Doctor's Thesis, The Ohio State University, 
1948, 57PP•, typed. 
{54) ------------. "A bivariate extension of the U statistic" Annals 
of Mathematical Statistics, 22 (1951), 274-282. ' 
{55) Wilcoxon, F. "Individu dl. comparison by ranking methods," 
Biometrics, l (1945), 80-83. 
(56) 37 
------------. "Probability tables for individual comparisons 
by ranking methods," Biometrics, 3 (1947), 119-122. 
(57) ------------. "Some rapid approximate statistical procedures," 
Staanford Research Laboratories, .American Cyanamid Cot1pany, 
Sta;nford, Connecticut revised 1949. (o.lso Annals of the New 
York Academy of Sciences, 52 (1950) 1 808-814.) - - -
Deportment of Statistics 




BASIC DISTRIBOl'ION LIST FOR UNCLASSIFIED TECHNICAL REPOM'S 
tor contract Nonr 2582(00), Task NR 042-200 
ADDRESS 
Bead, statistics Branch 
Office of Naval Research 




Professor W.G. Cochran 
Department of Statistics 
Harvard University 
Cambridge, Massachusetts 
Professor Benjamin Epstein 
l 
Office of Naval Research Branch Office 
Navy Nr. 100 
Fleet Post Office 
Applied Ma.thematics and Statistics Lab. 
Stantord:University 
New York., New York 2 Stanford., California 1 
ASTIA Document Service Center Professor w. Hirsch 
Arlington Ball Station Institute of Mathematical Sciences 
Arlington 121 Virginia 10 New York University 
New York 3, New York 1 
Office of Technical Services 
Department of Commerce Dr. Paul G. Hoel 
Washington 25, D. c. 1 Department of Mathematics 
University of California 
Technical Information Officer Los Angeles 241 California 1 
Naval Research Laboratory 
Washington 25, D. c. 6 Professor Harold Hotelling 
Associate Director 
Professor T. w. Anderson Institute of Statistics 
Department of Mathematical Statistics University of North Carolina 
Columbia University Chapel Hill, North Carolina 1 
New York 271 New York 1 
Professor L. HunrJ.cz 
Professor z. w. Birnbaum School of Business Adrn1nistrati0ll. 
Laboratory of statistical. Research University of Minnesota 
Department of Mathematics Minneapolis 141 Minnesota :t. 
University of Washington 
Seattle 5, Washington 1 Professor Leo Katz 
De~a.rtment of statistics 
Professor A.H. Bowker Nichigan State University 
Applied Mathematics and Statistics Lab~ East Lansing, Michigan 1 
Stanford.·University 
Stanford, California 1 Professor Oscar Kempthorne 
Statistics Laboratory 
Professor Ral.ph A. Bradley Iowa State College 
Department of Statistics and Ames, Iowa. 1 
Statistical. Laboratory 
Virginia Polytechnic Institute Dr. Carl F. Kossack 
Blacksburg, Virginia 1 Statistical Laboratory 
Engineering Administre.ti.ou B1 ilding 
Professor Herman Chernoff Purdue University 
Applied Mathematics and Sta.tiati.cs Lab. Lafayette, Indiana 1 
Stenford·University 
Stanford, California 1 




I • ., 
ADDRESS 
Professor Gerald J. Lieberman 
Applied Mathematics and Statistics 
Laboratory 
Stanford University 
Stanford, California l 
Professor William G. Madow 
Department of Statistics 
Stanford University 
Stanford, California l 
Professor Jc Neyman 
Department of' Statistics 
University of California 
Berkeley 4, California l 
Professor Herbert Robbins 
Mathematical Statistics Department 
Columbia University 
New York 27, New York l 
Professor Murray Rosenblatt 
Department of Mathematics 
Indiana University 
Bloomington, Indiana l 
Professor L. J. Savage 
Statistical Research Laboratory 
Chicago University 
Chicago 37, lllinois l 
Dr. Herbert Solomon 
Teachers College 
Department of Statistics 
Columbia University 
New York 27, New York 1 
Professor Frank Spitzer 
Department of Mathematics 
University of Minnesota 
Minneapolis 14, Minnesota 1 
Professors. s. Wilks 
Department or Mathematics 
Princeton University 
Princeton, New Jersey l 
ADDRESS 
Professor Evan J. Williams 
Institute of Statistics 
State College Section 
North Carolina State College 
Raleigh, North Carolina 
Professor J. Wolfowitz 
Department of Mathematics 
Cornell University 
l 
Ithaca, New York l 
